Introduction: Compressive-flexion type cervical spine fracture is typically accompanied by apparent dislocation of the facet joints, undesirable cervical alignment, and devastating neurological dysfunction, which provides strong rationale for rendering prompt operative treatment. However, the validity of conservative treatment for compressive-flexion cervical spine injury in cases with preserved congruity of the facet joints has yet to be elucidated. The purpose of this study is to evaluate the long-term outcome of cervical alignment following conservative treatment for compressive-flexion cervical spine injury with preserved congruity of the facet joints. Methods: A total of 662 patients who experienced spinal cord injury from 2007 to 2017 were included and underwent retrospective review in a single institute. Thirteen patients were identified as receiving conservative therapy following compressive-flexion cervical spine fractures with spinal cord injury. Clinical and radiological results were collected, including vertical fractures of the vertebral column, laminar fractures, progression of local kyphosis, and neurological status. The degree of the local cervical kyphosis was evaluated with two methods: the posterior tangent method and the endplate method. Results: All 13 patients were male, and the mean age at the time of injury was 28.4 years. The mean follow-up period was 3 years. Although none of the patients presented neurological deterioration after the injury, the degree of local kyphosis was increased at the time of final follow-up compared to what was observed at the time of injury. Patient age at the time of injury and concurrent vertical fracture of vertebral body could have been influencing factors for the progression of the kyphosis. While laminar fracture affected the kyphosis at the time of injury, it was not a strong influencing factor of the overall progression of local kyphosis. Conclusions: The conservative option for the compressive-flexion cervical injury allowed us to treat without exacerbating neurological symptoms as long as the facet joints are preserved. However, in terms of cervical alignment, surgical stabilization may have been desirable for these patients. Notably, the younger patients and the patients with vertical fracture of the cervical vertebral column in this type of injury required closer observation to help prevent the progression of local kyphosis.
Key points
-We reported the progression of local kyphosis following conservative treatment for compressiveflexion cervical spine fractures with spinal cord injury. -Younger patients with such fractures had a higher progression of local kyphosis following injury. -The patients who had vertical vertebral fractures were also associated with higher progression of local kyphosis compared to those without vertebral vertical fractures. -Laminar fracture affected the initial kyphotic alignment of the cervical spine at the time of injury, but the laminar fracture was not an influencing factor for the long-term progression of local kyphosis.
Introduction
Cervical spine fracture is caused by a traumatic event, such as a motor vehicle accident or a fall [1] . It is categorized into several types, based on the mechanism of the injury [2, 3] . Compressive-flexion fracture is one such type of spinal injury [4] , which causes severe damage directly to the spinal cord as well as to spinal bony structures [5] . Patients with cervical spinal cord injury suffer from permanent motor/sensory dysfunction and mental/economic burdens following injury [6, 7] . In addition to these issues, these patients incidentally suffer from progression of spinal deformity, such as kyphosis and scoliosis [8] . However, the risk factors for progression of spinal deformity have yet to be elucidated. The desirable treatment policy for compressive-flexion cervical fracture with spinal cord injury is a surgical approach including fixation, decompression, and correction of the cervical alignment [9] . Previous reports have shown that fixation and decompression after cervical spinal cord injury improved functional recovery and prevented the deterioration of neurological findings [10, 11] . Recent development of the subaxial injury classification (SLIC) scoring system recommends the surgical approach for patients with cervical spine fractures and incomplete/complete paralysis brought about by spinal cord injury [12, 13] . However, some patients with compressive-type fracture maintain the congruity of the facet joints and present acceptable cervical alignment despite concurrent spine fracture and spinal cord injury [5] . Furthermore, these patients possibly suffer from concomitant multiple trauma and/or hemorrhagic shock after injury [14, 15] , which often provokes reluctance to pursue surgery due to its invasiveness and potential risk of further complications [16] . As a result, conservative treatment for cervical spinal fracture with spinal cord injury remains an attractive option. To the best of our knowledge, however, few reports exist regarding the long-term outcomes of conservative treatment for patients with compressive-flexion cervical fracture with spinal cord injury.
We retrospectively analyzed the clinical characteristics, radiological findings, and treatment outcomes of 13 patients who suffered cervical spinal fracture with spinal cord injury and who were conservatively treated in our department. The objective of the present investigation was to report long-term outcomes in these patients and to explore the potential risk of progression of local kyphosis following injury.
Materials and methods
The database of spinal cord injuries at the Spinal Injuries Center in Fukuoka, Japan, was researched for all cervical spine injury cases occurring between 2007 and 2017. A retrospective chart and radiological image review was performed to examine radiographic features, neurological findings, and treatment results. All patients underwent plain radiographs plus computed tomography (CT) or magnetic resonance imaging (MRI) for diagnosis. Compressive-flexion cervical spine injury was diagnosed with plain lateral radiographs, CT, and MRI when an apparent fracture of the vertebral body was observed, especially with evident loss of height at the anterior part of the body. The integrity and congruity of the facet joints were confirmed with CT and MRI images [17] . All patients had evidence of spinal cord injury, as represented by a signal change in the injured spinal cord in T2-weighted MRI images. Representative images of compressive-flexion injury are shown in Fig. 1 . Patient age, sex, follow-up period, mechanism of the injury, level of the injury, vertical fracture of the vertebral body, laminar fracture, type of orthosis, and neurological findings were analyzed. The results of the neurological analysis were classified according to the American Spinal Injury Association (ASIA) Impairment Scale, which is an international standard for neurological classification of spinal cord injury [18] .
Statistical analysis
The Wilcoxon rank sum test was used to compare the median values of the quantitative data for cervical kyphosis as measured by the posterior tangent method and the endplate method. Correlational analyses were performed using the Pearson correlation coefficient. In all statistical analyses, significance was defined as P < 0.05. The values for the groups are presented as the average ± standard error of the mean (SEM). All statistical analyses were carried out using the JMP software program (version 13; SAS Institute).
Results
During the 11 years between 2007 and 2017, 662 patients with cervical spinal cord injury were treated at our single facility. Of these, we found 13 patients (2%) who received conservative treatment, such as stabilization of the cervical spine by rigid orthosis via neck brace or halo vest with intensive rehabilitation. The frequency of patients treated conservatively was quite low because most of the patients with both spinal cord injury and spinal fracture were referred for treatment with a surgical approach [12] . Most of the included patients were forced to choose conservative treatment due to complications in other organs, such as brain subarachnoid hemorrhage, brain subdural hygroma, liver injury, spleen injury, or multiple fractures in the limbs. We also intentionally chose conservative treatment for some of the patients due to their maintained cervical alignment after injury. These included 13 male patients between the ages of 14 and 68 years of age (mean age 28.4 years). A summary of clinical findings is shown in Table 1 . The follow-up period was between 9 months and 9.5 years (mean period 3 years). At the time of final follow-up, bony fusion was observed in all patients. Additionally, in terms of the neurological findings, one patient was classified as ASIA Impairment Scale (AIS) grade A, three patients as grade B, two patients as grade C, and seven patients as grade D at the time of injury ( Table 2) . None of these patients' neurological statuses was exacerbated following conservative treatment as observed at the time of final follow-up (Table 3) .
To evaluate local kyphosis of the cervical spine, we applied two radiographic methods: the posterior tangent method and the endplate method ( Fig. 2) [19] . We found overall progression of kyphosis at the time of final follow-up compared to that was observed at the time of injury using both methods (Fig. 3) . However, there was no significant relationship between the length of the follow-up period and the progression of the local kyphosis (Pearson rank correlation coefficient: progression of kyphosis vs. follow-up period, posterior tangent method, R 2 = 0.0072, P = 0.7829; endplate method, R 2 = 0.0595, P = 0.4219) (Fig. 3) . Interestingly, we observed a moderate negative correlation between the age at the time of (Fig. 4 ). We next examined whether laminar fracture or vertical fracture of the vertebral column affected the progression of local kyphosis, since these two types of fractures have been reported to be influencing factors on spinal alignment [20, 21] . We found a significantly higher degree of local kyphosis at the time of injury in the group with laminar fracture compared to that in the group without laminar fracture (posterior tangent method, P = 0.0217; endplate method, P = 0.0097).
However, we observed no significant difference in the progression of local kyphosis between the group with laminar fracture and the group without laminar fracture (posterior tangent method, P = 0.8273; endplate method, P = 0.518) (Fig. 5) . These findings suggest that posterior column fractures affect the initial kyphotic alignment after injury and do not affect the progression of local kyphosis over the longer term.
With regard to the influence of vertebral vertical fractures, the degrees of local kyphosis at the time of injury were comparable between the groups with and without vertical fractures (posterior tangent method, P = 0.6669; endplate method, P = 0.9427). As measured by the endplate method, the progression of kyphosis in the group with vertical fracture was higher than in the group without vertical fracture, but this difference was not significant (P = 0.1724) (Fig. 6) . We further examined whether the type of orthosis as a conservative therapy affected the progression of kyphosis after injury. There was no significant difference in the progression of kyphosis between the group treated by neck brace and the group treated by halo vest (posterior tangent method, P = 0.2752; endplate method, P = 0.518) (Fig. 7) .
Representative case
A 22-year-old man had been hit while walking by a heavy-duty, eight-ton vehicle. The ASIA Impairment Scale (AIS) at the time of admission was diagnosed as grade D. Also, in terms of the modified Frankel grading system [22, 23] , he was diagnosed as grade D0. The manual muscle test scores (MMTs) of the lower extremities were 4-5, and we were unable to test his walking ability at the time of his hospitalization. MRI and CT images showed a compression fracture at C4, with both vertebral vertical fracture and laminar fracture (Fig. 8) . Intramedullary T2-weighted signal change was observed at the C4 level.
He was treated conservatively with a rigid neck brace and intensive rehabilitation due to his multiple traumatic injuries, such as subdural hygroma, radius shaft fracture, tibial shaft fracture, and fibula shaft fracture. At the time of final follow-up, approximately 3 years after the injury, while his neurological function remained at AIS grade D, his Frankel grade had improved to D3. His gait was independent and without use of a cane. However, his local kyphosis had progressed from 18 to 36°, as measured by the endplate method, and from 11 to 28°, as measured by the posterior tangent method, whereas the bony fusion had been completed (Fig. 8 ).
Discussion
We presented several significant findings in this study. First, local kyphosis progressed after conservative treatment for patients with compressive cervical spine progression, and spinal surgeons should be aware that this type of injury may lead to cervical deformity. We used two means of evaluating local kyphosis: the endplate method and the posterior tangent method. From the viewpoint of the endplate method, vertical fracture of the vertebral body was a risk factor for the progression of local kyphosis in terms of long-term outcome. Conversely, the posterior tangent method did not prove this relationship, as shown in Fig. 6 . Compressive-flexion fracture of the cervical spine leads to the loss of vertebral height over the longer term, and a b c d The relationship between the progression of local kyphosis measured by the endplate method and the age at the time of injury. Moderate negative correlation was found between the progression of kyphosis and the age at the time of injury the injured vertebral bone becomes wedge-shaped [21, 24] . Indeed, Bono and colleagues suggested that the posterior tangent method is preferred for evaluating kyphosis in patients with non-traumatic pathology, such as degenerative cervical spines [19] , which supports the notion that the posterior tangent method cannot sufficiently detect vertebral vertical fracture as a risk factor for the progression of local kyphosis. Although both measurement methods are straightforward and useful for assessing the local kyphosis, the endplate method appears to be the more reasonable method for evaluating kyphosis, especially in patients with vertebral fractures. It remains controversial whether any local kyphosis of the cervical spine is acceptable after spinal cord injury [25] . Jenkins and colleagues previously showed that patients with cervical kyphosis of 20°or more had severe cervical pain symptoms [24] . They also demonstrated that the pain symptoms did not correlate with instability below the fusion level or disc space narrowing. Although there were five patients (38%) with cervical kyphosis of more than 20°i n the present study, none of these patients complained of any cervical pain, which can possibly be attributed to the fact that the bilateral facet joints of these patients were preserved. Future studies investigating the link between cervical kyphosis and symptoms, such as severe neck pain, that affect activities of daily life could provide additional information establishing evidence for a surgical or non-surgical approach after cervical spinal fracture with spinal cord injury.
The nationwide databases showed that the incidence of cervical fractures with or without spinal cord injury among the elderly population beyond 65 years is increasing over the past decade. Most patients included in this population group have multiple comorbidities such as cancer, heart failure, cerebrovascular disease, and diabetes, and are receiving treatments for these conditions before sustaining an injury [26, 27] . Adjusted-population rates of in-hospital mortality after spinal injury also revealed increasing trends in the elderly [28] . Furthermore, hospitalization costs of spinal cord injury patients with cervical spine fractures are increasing, with greater costs being incurred from the increase in surgeries. Given that this study shows that conservative treatment is feasible for patients with this spine fracture, the need to study the changes in cervical alignment after conservative treatment of older patients is apparent. Since our current patient population did not have sufficient numbers of elderly cases, we hope to analyze and report on this point in the future when we accumulate sufficient cases. There are several potential limitations associated with our study. First, this retrospective study was extremely limited in size. A larger sample size is required to elucidate the impact of vertical fracture of the cervical spine and even laminar fracture on the progression of local kyphosis. Second, we did not compare this conservatively treated group with the group treated by surgery, such as cervical decompression and fixation. A prospective and randomized study is needed to confirm the preventive effect on local kyphosis by surgery. We encountered very few patients with compressive cervical fracture whose facet joints had maintained their congruity. Moreover, on the basis of previous studies, most patients with this type of injury may have to be treated by surgery [13] . Considering that these patients typically suffer high-energy trauma with concurrent injury in other critical organs, we believe that our study is essential in terms of understanding the effectiveness of conservative treatment for patients with both cervical spine fracture and spinal cord injury. Ethics approval and consent to participate This study was approved by the Ethical Review Board of Japan Labor Health and Welfare Organization Spinal Injuries Center. We had all the necessary consent from the patients involved in the study, including consent to participate in the study where appropriate.
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